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(57) Abstract 



Device for assaying an analyte, comprising a labelling zone, where a label can bind to the analyte, in communication with a capture 
zone, wherein the pore size of the capture zone is such that label which is not bound to the analyte can migrate therethrough, whereas label 
which is bound to the analyte cannot. During migration from the labelling zone (large pore size) to the capture zone (small pore size), 
unbound label can pass into and through the capture zone, whereas bound label will be captured at the junction of the labelling zone and 
the capture zone. The device relies upon the label being smaller than the analyte, such that free label is not retarded by the capture zone. 
It is particularly suitable for assying analytes such as spermatozoa, which are large in comparison with a label such as a labelled antibody. 
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ASSAY USING POROSITY-REDUCTION TO INHIBIT MIGRATION 
Technical field 

This invention relates to assay devices for measuring analytes. In particular, it relates to 
devices which capture analytes mechanically within a porous material, rather than using 
5 conventional immuno-capture techniques. 

Background Art 

The format of the standard rapid test lateral flow device has remained unchanged for around 
ten years. Typically, the device will comprise a nitrocellulose strip. Sample is applied to an 
application zone, from which it flows by capillary action through a zone containing a 

10 visibly-labelled antibody specific for the analyte in question. Free and bound label continue to 
migrate to a capture zone, where immobilised antibody specific for the analyte binds the 
analyte-label complex. Free label (unbound antibody) continues to migrate, leaving an analyte- 
specific signal in the capture zone. These types of lateral flow device are disclosed in, for 
example, EP-A-0284232. Numerous variations to the basic assay have been described, 

15 including those in W092/12428, EP-A-0613005, WO97/06439, and US-5,741,662. 

In all cases, however, capture of the analyte-label complex is mediated by an immobilised 
reagent, which is typically an antibody that is specific for the analyte. This is unsatisfactory in 
many respects. 

Firstly, manufacturing quality control is difficult. The solid phase capture membrane is 
20 typically made from nitrocellulose, and antibodies are applied to the membrane directly. 
Nitrocellulose manufacture is not, however, homogeneous. Quality control of the solid phase 
antibody is therefore limited to testing a statistical sample of devices from the same, but 
heterogeneous, batch, and assuming that the whole batch will perform within specific 
tolerances. It is well known, however, that membranes vary considerably, even within a single 
25 batch or lot number. 

Secondly, they are relatively cumbersome to manufacture. The application of immobilised 
antibody to the strip requires a separate step from the application of the mobile labelled 
antibody. The capture antibody can be sprayed directly onto the nitrocellulose strip, but the 
label antibody has to be soaked into material which is subsequently attached to the 
30 nitrocellulose strip, with an overlap to ensure capillary flow. 
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Thinfty, antibody i s immbbUis* by ^ , ^ ^ ^ 

anbbody does ,o, bind to the membrane ^ however _ md ^ ■ 

assoctatod w«h immobilised auubody. «. ^-.^ or ^ 

5 ir^T "*r 6m ^ ° vei to ,owa «*« <* ^ - *• ***» 

ta» ^ capped a, the detecdon « Teas tha, rely on . ^ 
beZweon control and defccta Hues, 3, ovulalion ^ ^ ^ 

results.. Furthennore, application by spraying inevitably leads to diffusion into the membrane 
Jeadntg to a more diffuse and less foeused detection signal. ' 

ft. analyte-labe, comp,e* car, form, rue complex passes over fte capn^ andbody for a short 
. <-* however, ftua imposing consul on me design of tbe ma, an4 its perforce 
.5 characrerrsbc, tbe shor, reacuon rime decreases sensitivny, and also means ftat bigh affinity 
capture antibodies are required. 

Finally, the shelf-life of these tes, devices is often hunted by me coHapse of me immobilised 
capture antibody onto the membrane over time. 

r ^^rtconamgsmme^ 

20 not use immobilised antibody to capture an analyte-label complex. 
Disclosure of the invention 

The invention pmvidea a device for aasaying an anmym, comprising a labening zone, v*ere , 
abei can bmd to fte analyte, in communicauon with a captore zone, wherein me pore size of 
^^--issuebftat^^cb^^^^^^,,.^ ^_ 
25 whereas label which is bound ,0 the analytc cannot. 

Durmgmigradon from the labelling zone to the capture zone, unbound rabel can pass into and 
through fte capture zone, whereas bound label will be captured at fte jnncnon of.be labelling 
zone and me captore zone. A comparison of me amount of label capn«d a. me entrance to the 
capmre zone wfth fte amount migrating through fte captra. zone allows me level of analyte to 
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be assessed - as analyte concentration increases, the amount of label retained at the junction of 
the labelling zone and the capture zone also increases. 

It will be apparent that the invention relies upon the label being smaller than the analyte, such 
that free label is not retarded by the capture zone. 

5 The device is particularly suitable for assaying analytes such as biological cells, which are 
large in comparison with a label such as a labelled antibody. Preferred cells for assay are 
spermatozoa and micro-organisms, such as bacteria. 

The labelling zone is where label comes into contact with the analyte. It is preferably formed 
from fibrous material, such as a pad of HDPE material, bonded polyester fibre, glass fibre, or 
10 the like. The pore size should be large enough to allow the analyte to move relatively freely, in 
contrast to the pore size of the capture zone. 

The label is typically an antibody which can bind to the analyte of interest, and which has been 
suitably labelled. The label is preferably visible to the naked eye eg. a fluorescent label, or a 
particulate label such as colloidal gold (which is visible as a pink colour), or a stain such as 
15 eosin. It will be appreciated that the term -antibody' may include polyclonal and monoclonal 
antibodies, as well as antibody fragments (eg. F(ab) 2 , Fc etc.), provided that the necessary 
biological specificity is retained. 

The capture zone can be made from any suitable porous material through which unbound label 
can migrate, whilst analyte-bound label cannot This requirement is reflected in the pore size of 
20 the capture zone. In one embodiment, the capture zone will be made from HDPR with a 
nominal pore size of around l-75pm, preferably 10-50[im, and more preferably 20-35pm. In 
second embodiment, the capture zone will be made from nitrocellulose, with a nominal pore 
size of around 1 -1 5pm, preferably 3-1 0pm, and more preferably 5-8pm. 

In some embodiments, the labelling zone and capture zone may be formed from a single piece 
2:5 of porous material, which contains a region of reduced pore size. By crushing or compressing a 
region of a porous material, for instance, the pore size can be reduced such that an 
analyte-bound label cannot enter the compressed region ie. to form a capture zone. As an 
alternative, the pores of the material could be partially blocked, to achieve the same effect. 

As is well known to those in the art, the nominal pore size of a porous material can be 
30 determined by hard particle challenge testing ie. by determining the maximum diameter of 
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spherical particles which can pass through the material. Alternatively, the pore size of a 
material may be determined by measuring its 'bubble point'. The bubble point is the pressure 
required to force air through a (water) wet membrane, and correlates with the pore size as 
measured by particle retention (although at extremes of pressure and pore size, the correlation 
5 may be weaker). The bubble point is generally easier to measure than particle retention and is 
thus the preferred test when assessing pore size. 

When the device of the present invention is to be used for detecting and measuring a motile 
analyte m particular (such as motile spermatozoa or motile bacteria), the appropriate pore size 
may be detennined empirically by routine testing. 

10 In preferred embodiments, the capture zone includes a region which retains label which is not 
bound to the analyte (a Mabel control' region). This will typically comprise antibody fixed 
withm the capture zone which can bind to the analyte-specific label. Label which passes 
through the capture zone, rather than being captured on entry thereto, is thus retained within 
the 'label control' region, where it can be measured. If me analyte-specific label is a murm^ 
15 monoclonal antibody, for instance, then the capture zone may include a region containing 
immobilised anti-mouse antibody. Unbound label is thus retained either at the junction of the 
labelling zone and the capture zone or at the Mabel control' region. A comparison of the 
amount of label in these two positions allows the amount of analyte in the original sample to be 
assessed. 

20 In an alternative arrangement, the device might utilise two separate labelled antibodies in the 
labelling zone, only one being analyte-specific. The label which does not recognise the analyte 
is instead specific for the antibody in the Mabel control' region. This label passes through the 
capture zone and is retained at the Mabel control' region, giving a standard for comparison with 
the analyte-specific signal at the entrance to the capture zone; the analyte-specific label does 

25 not bind the Mabel control' antibody, and continues to migrate. 

The interface between the labelling zone and the capture zone is preferably narrow compared 
to the length of the capture zone. Where the labelling zone and the capture zone are formed 
from strips of overlapping material, a narrow interface between them can be achieved by the 
presence of a non-porous material covering the majority of the overlap. By ensuring that the 
interface between the labelling zone and the capture zone is narrow, the analyte-label complex 
is focused at the junction of the labelling zone and the capture zone, giving a sharper signal 
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The analyte is preferably spermatozoa. The label preferably recognises a surface antigen which 
is present on the majority of a population of spermatozoa, rather than a subset. Whilst any 
surface antigen may be used, therefore (eg. P34H (WO97/40836), SP-10 (W095/29188), see 
also EP-A-0387873), 'universal' antigens such as CD59 are preferably used. It will be 
5 appreciated that, where the antigen is not sperm-specific (ie. it is also present on other cell 
types, such as CD59), the sample being analysed may require treatment to remove 
non-spermatozoa cells. The capture zone for retarding the migration of spermatozoa is 
preferably a nitrocellulose membrane with a nominal pore size in the region of 5pm - 8nm. A 
sperm sample may be treated to separate motile and non-motile cells before analysis (eg. see 

10 international patent applications PCT/GB99/0 1929 and PC1YGB99/02685). The device of the 
invention can be used to determine the relative numbers of motile and non-motile cells in a 
given sample by comparing results after such a separation. The device of the invention may 
comprise means to separate motile spermatozoa from non-motile spermatozoa before entry to 
the capture zone such that, after operation, three signals are apparent - one where label has 

15 bound non-motile cells, one where label has bound motile cells, and one of free label. It is not 
always necessary to separate cells in this way, however eg, in vasectomy verification, a test can 
simply indicate overall levels of spermatozoa, motile or not. Typically, the sperm-containing 
sample to be analysed will not be 'neat' semen, but will be diluted, and possibly treated to 
remove non-spermatozoa cells. If 'neat' semen is analysed, it will generally be necessary to use 
20 a sperm-specific label, so that non-spermatozoa cells are not labelled. 

As an alternative, the analyte may be a micro-organism. The micro-organism might be a 
bacterium, such as enterotoxigenic Kcoli ('ETEC') [eg. see Levine (1987) J Infect. Dis 
155:377-289], for which any suitably-labelled ETEC-specific antibody can be used as the label 
eg. gold-conjugated anti-CFA/I monoclonals. The micro-organism might be a yeast, such as 
25 Candida. 

In preferred embodiments, migration of a sample to the capture zone is assisted by a wick 
before the labelling zone and/or a wick after the capture zone, to aid capillary movement. 

In some embodiments of the invention, a sample might be applied directly to the capture 
In this arrangement, label will migrate from the labelling zone through the capture zone, in 
30 which the sample is encountered. Label will be retained by analyte which has been retarded in 
the capture zone, and unbound label will continue to migrate. 
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The device of the invention can be produced simply and cheaply, conveniently in the fonn of a 
test stnp or dipstick. Furthermore, it can be used very easily, for instance by the home user 
The mvention thus provides an assay device which can be used at home as a basic screen of 
for instance, male fertility. 

5 Brief description of drawings 

Hgure 1 shows a lateral flow device according to the invention, and Figure 2 shows the results 
of a dose-response curve experiment using this device. 

Modes for carrying out the invention 
Example 1 -a basic lateral flow test device 

10 n* device aho™ in Fig™ , contpriaes a snip of fito papa (i X . absorbent pad P) 
conbnning g„ ld . lobeUed ana-spenna.^ uw,^ mMft , ^ absoAe|1 , ^ 
recemng a apemwontaintog sanpie. a ^ Mox (4)> ^ m ^ ^ „ 

Between the absorbent pad (3) and the nitroceliuloae mml)ran e (4) is a thin aceate snip (6) 
^ p^vente contact betw^ofte pad (3) and m embra n e (4) «cep, for a man5in ^ 

15 Mentbrane (4) ineiudes a Un. (8) of tonobinsed antibody ,vhich « M with m bo m d 
anti-sperm labelling antibody. 

The nitrocellulose membrane (4) measures 5mm x 25mm, and is mounted on a stiff plastic 
baebng measuring 5mm x 73mm. At one end of the membrane (4), upper wick (5), measuring 
_ 5mm x 30mm, is attached such that they overlap by 5mm, and at the other end a thin acetate 
stnp (6) measuring 5mm x 4mm is affixed. Absorbent pad (3), measuring 5mm x 5mm is 
Placed over acetate strip (6), such that it contacts the nitroceUulose strip (4) with a 5mm x 1mm 
margm. Absorbent pad (2), measuring 5mm x 5mm, is attached such that it abuts both pad (3) 
and stnp (6); filter paper (1), measuring 20mm x 5mm is attached so that it overlaps by 2mm 
beneath absorbent pad (2). 

25 Filter paper (1) is Ahlstrom blotting grade pap* number ^ 

conjugate material, thickness 0.6mm, nominal pore size 99um (Sintair Ltd, England) This was 
saturated with a solution of monoclonal anti-CD59 antibody (Bristol University UK) 
conjugated to 40nm gold particles (diluted* purified water containing 5% trehalose' 0 1% 
Tnton-X (Sigma) and ! %BSA) and then dried completely under vacuum. Absorbent pad (3) is 

»0 made from the same HDPE material, but was saturated with 1% BSA and 0.1% Triton X at pH 
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6.6, and then dried. The nitrocellulose membrane (4) is an Advanced MicroDevices 8fim 
nitrocellulose membrane (CNPF-S1-L2-H50, lot number HF322228/731). Upper wick (5) is 
formed from Whatman chromatography paper (catalogue number 3 MM CHR, lot number 
3030640), left untreated as supplied. 

5 A thin line (8) of control antibody [Jackson's AffiniPure goat anti-mouse IgG, FC and 
fragment specific (minimum cross-reaction with human, bovine and horse serum proteins; code 
115-005-071, lot 36019), diluted to 0.02mg/ml in 2mM phosphate and 0.017% BSA] was 
immobilised on membrane (4) between the margin (7) and upper wick (5). 

To use the device, a sperm-containing specimen is applied to absorbent pad (3), and filter paper 
10 (1) is placed in an appropriate buffer or the like. The buffer migrates through filter paper (1) 
and absorbent pad (2), bringing the gold-conjugated antibody into contact with any 
spermatozoa in pad (3). As the solution migrates through pad (3), towards margin (7), the 
antibody can bind to the sample. Labelled spermatozoa cannot pass through the nitrocellulose 
membrane (4), due to its small pore size, so are instead retarded around margin (7). Margin (7) 
15 thus serves as a 'choking zone' which captures material which is too large to pass through the 
pores of membrane (4). Unbound gold-conjugated antibody, however, will continue to migrate 
through the membrane until it reaches antibody line (8), which binds gold-conjugated antibody. 
At this stage, therefore, there may be two lines visible - one at the 'choking zone' (7), where 
migration of the label has been retarded by binding to spermatozoa, and one at line (8), where 
20 migration has been retarded by binding to the immobilised control antibody. 

Example 2 -qualitative sperm testing 

In a test experiment, two samples were tested - the first was a sample of motile spermatozoa in 
HEPES buffer (obtained by indirect swim up from the ejaculate of a fertile man), and the 
second was just HEPES buffer. 75|al of each sample was placed on the absorbent pad (3) of 
25 two separate devices, and these were placed in separate wells, each containing 75^1 HEPES. 

After 15 minutes, the device used with the first sample had developed two clear red lines on 
membrane (4), the first about 1mm above the absorbent pad (3), the second at line (8). The 
other device, however, contained a single red line at line (8). The device is thus able to capture 
spermatozoa mechanically around the 'choking zone'. 
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Example 3 - quantitative sperm testing 

In a further experiment, a sample of motile spermatozoa in HEPES buffer was obtained by 
indirect swim up from the ejaculate of a fertile man. The number of motile sperm per ml in the 
HEPES portion of the swim up was established using a counting chamber and found to be 3.5 
5 million. This sample was diluted with HEPES to give four further samples with 2, 1, 0.5 and 
0.25 million sperm per ml respectively. 75ul of each of these five samples were placed on the 
absorbent pads (3) of five separate devices and these were placed in separate wells containing 
75ul HEPES. Buffer alone was used as a control. 

After 15 minutes, each of the devices had developed two clear red lines on membrane (4), the 
0 first about 1mm above the absorbent pad (3), the second at line (8). As clearly shown in Figure 
2, however, the intensity of the first line decreased as the number of spermatozoa in the sample 
decreased by dilution. No first line was visible on the control. The device is thus able to 
demonstrate a dose response capture around the 'choking zone'. 

Further embodiments 

It will be understood that the invention is described above by way of example only and 
modifications may be made whilst remaining within the scope and spirit of the invention. 
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CLAIMS 

1 . A device for assaying an analyte comprising a labelling zone, where a label can bind to the 
analyte, in communication with a capture zone, wherein the pore size of the capture zone is 
such that label which is not bound to the analyte^can migrate therethrough, whereas label 
which is bound to the analyte cannot. 

2. A device according to claim 1, wherein the label is an antibody which can bind to the 
analyte of interest 

3. A device according to claim 2, wherein the label is visible to the naked eye. 

4. A device according to claim 3, wherein the label is colloidal gold. 

5. A device according to any preceding claim, wherein the capture zone is nitrocellulose. 

6. A device according to any preceding claim, wherein the labelling zone and capture zones 
are formed from a single piece of porous material which contains a region of reduced pore 
size. / 

7. A device according to any preceding claim, wherein the capture zone includes a region 
which retains label which is not bound to the analyte. ^ 

8. A device according to any preceding claim, wherein the interface between the labelling 
zone and the capture zone is narrow compared to the length of the capture zone. 

9. A device according to any preceding claim, wherein the analyte is spermatozoa. 

10. A device according to claim 10, wherein the label recognises CD59. 

1 1 . A device according to any one of claims 1 to 8, wherein the analyte is a micro-organism. 

12. A device according to any preceding claim, wherein migration of a sample to the capture 
zone is assisted by a wick before the labelling zone and/or a wick after the capture zone 

13. A device according to any preceding claim, in the form of a test strip or a dipstick. 
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